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Water—A Great Natural Resource 


From its earliest exploration and settlement onward to our own time 
Canada has had its economic and social history profoundly influenced 
by its resources of water. So various and important are its services that 
what water contributes to our development as a nation and to the living 
standards we enjoy is beyond measure. Already almost endless, its’ uses 
continue to increase as the advance of our society requires that still 
further demands be made upon it. Dependence upon this country’s 
water resources for our welfare and progress grows accordingly. 


Each year about eight thousand billion tons of water fall on Canada 
as rain or snow. If estimates made in the United States apply also to 
Canada, then about 70 per cent of this annual precipitation may evaporate 
or be used by plants, the remainder running off into streams or into the 
ground-water table. Whether it nourishes the topsoil, adds to the deeper 
ground-water supplies, or flows into rivers and lakes, water is a versatile 
servant. The water in our lakes and rivers alone has uses so manifold 
and diverse that it may justifiably be regarded not just as one but rather 
as a whole complex of natural resources. Seven per cent, or more than 
268,000 square miles, of Canada’s surface consists of water; no other 
country possesses such a large fresh-water area. This surface water has 
given Canada that master tool of mankind, electricity, which is at once a 
mainstay of our economy and the efficient servant of our way of life. 
It provides most of the fresh water essential for the operations of 
industries great and small. Without it Canada could not have become the 
highly urbanized country it is today. Lacking surface water, large areas 
of the Canadian west would not be the thriving agricultural communities 
which through irrigation they have become. Our water courses provide 
access to important resources of land, forest, and mine, and continue 
to play an indispensable réle in their development. They provide :a 
means for transporting the raw materials and other products of our 
export trade—the wheat, lumber, newsprint, and minerals—on their way 
to world markets. They afford passage and environment to many species 
of fish. Surface water dilutes and carries away much of the sewage and 
industrial wastes of Canada. Our lakes and rivers beckon us to share 
the pleasure and recreation they hold out to us. 


The growing use of water has been an essential companion of our 
progress as a nation. How the demand on our water resources has 
soared may be illustrated first from the requirements of our cities and 
towns. Little more than half a century ago the population of our urban 
communities was hardly more than two millions, or less than two-fifths 
of our total population. Fifty years later, by 1951, Canada’s urban 
dwellers had increased to more than 8,600,000 and constituted 62 per cent 
of its population. In this time the number of cities having more than 
25,000 inhabitants rose from ten to forty-three and their total population 
multiplied fivefold to 4,650,000. The half-century saw Montreal increase 
in population from 328,000 to 1,022,000, Toronto from 210,000 to 676,000, 
Winnipeg from 42,000 to 236,000, and Vancouver from 29,000 to 345,000. 
As our municipalities have grown their per capita use of water also has 
expanded, owing in part to the demands of industry. 
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The raw material most commonly required by industry is water. 
Upon its availability has rested in no small part the industrial expansion 
of Canada and all that that has meant for our living standards and for 
the growth of our population. To achieve a threefold increase in 
production in less than a generation our manufacturing industries have 
necessarily increased their use of water tremendously. It is said that a 
large paper mill may use more water daily than a city of 50,000. The 
production of one ton of paper may require 50,000 gallons, and the 
production of one ton of finished steel 65,000 gallons. That this enormous 
industrial demand is met largely by our rivers and lakes affords one 
measure of surface water as a natural resource. 


Then there is water-power. Sections 
of the mid-western prairies excepted, 
nearly every part of Canada is endowed 
with important water-power resources. 
The rivers coursing down Rocky Moun- 
tain slopes, the rivers and myriad lakes 
of the vast Canadian Shield, the rapids 
and falls of the Great Lakes — St. 
Lawrence River system, these and 
others are especially rich in such re- 
sources. The progress of the Canadian 
economy has been mirrored in the 
development that they have undergone 
for the production of hydro-electricity. 

To a remarkable extent the Cana- 
dian economy is a hydro-electric econ- 
omy. Although Canada has less than 
one per cent of the world’s population, it possesses about thirteen per cent 
of the world’s capacity of water-power plants. In installed capacity it 
ranks second to the United States and on a per capita basis is second to 
Norway. Of our total capacity for generating electricity, seventeen and 
one-half million horse-power or about ninety per cent represents hydraulic 
installations. To serve homes and industry, electricity is transmitted from 
plants ranging in capacity from a few hundred to more than one r-*" 
horse-power. Water-power has been the principal source of energ, 
Canada’s rapid industrial development. Indeed, for a significant index of 
this development we may turn to the expansion undergone by our hydro- 
power capacity. It has almost tripled in a quarter-century and increased 
by 70 per cent in the past decade. Twice since 1950 new records have 
been. established for annual additions to this capacity, first with 
1,066,000 h.p. in 1952 and then with 1,758,000 h.p. in 1954. Water-power 
has, for example, provided the low-cost power that is essential for the 
enormous requirements of the pulp and paper industry, this country’s 
largest manufacturing industry and one of the world’s great industrial 
enterprises. The availability of large blocks of low-cost hydro-electricity 
also has fostered the establishment of an aluminum industry which 
manufactures one-quarter of the world’s supply of that metal. Altogether, 
the hydro-electric power consumed in Canada in 1955 is estimated to 
have represented about 1:1 times the energy derived from coal. In 
contrast, water-power in the United States furnishes only about one- 
seventh the energy drawn from coal, while in the world coal provides 
about sixty times as much energy as hydro-electricity. 
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Water-power has encouraged one of the most striking developments 
of our post-war history—the economic expansion of the Canadian north. 
Taken to include those parts of Canada which lie well beyond present-day 
settlement, this north country encompasses much more than half our 
total area. The search for and discovery of its natural wealth, particularly 
its minerals, has already focused our attention on many remote regions— 
Ungava, Yellowknife, Kitimat, Lynn Lake, Beaverlodge, and the like— 
and has involved the development of important water-power resources. 
Ahead lies the sure prospect that in areas as far apart as Labrador and 
the Yukon water-power will foster the creation of great mining and 
industrial enterprises. It will help to realize the promise of a region 
which, having a land area of more than two and one-half million 
Square miles, stands out as one of the world’s great storehouses of 
mineral wealth. 


The water of rivers and lakes fulfils yet another purpose. In Canada 
the land nurtured by irrigation runs into many thousands of acres. 
In Alberta irrigated lands constitute 3 per cent of the total area under 
crops, whereas the corresponding proportion in British Columbia is no 
less than one-fifth. Altogether one acre out of every hundred across the 
country bears its crops with the aid of irrigation. It is, perhaps, not 
from statistics such as these that the clearest appreciation of irrigation 
comes, but rather from its crucial importance for areas such as the 
Okanagan Valley and for farmers of dry prairie lands. 


Water Supply a Problem for All Canadians 


The vital contribution which our SS 7 
water resources have made to our ty Gels 
wealth and welfare in the past will Hiww—w 
necessarily become larger still if they Mee aes a ict Leia, see ae 
are to meet the needs of a growing taper ee | 
nation. The demand for water rises 2 
in proportion to increase in population 
and industrialization. Because the = an 
information available on water use in as ee 
Canada is meagre, this may be ey INFILTRATION 
illustrated by reference to the United corms A weir naaion 
States. It has been estimated that yi al 
the volume of surface and ground- =~£¢ 
water that country requires for muni- 
cipal and rural use, for industry directly, and for irrigation will have 
almost doubled between 1950 and 1975, and have multiplied eleven- 
fold since 1900. In broad outline at least, the picture might be assumed to 
be similar for Canada. 


May Canadians relax in the comfortable belief that the water needed 
to sustain their nation’s growth will surely be available? The answer 
is all too apparent. Already many municipalities have found it necessary 
to impose temporary limits on the use of their water supplies. (It is 
reported that 1,000 cities in the United States restricted the use of water 
in 1953.) Already some municipalities in southern Ontario must draw 
their water from as many as a dozen different sources. And already some 
areas, particularly in southern Ontario, find their industrial growth being 
limited by water shortages. Concern is also mounting over the fact that 
in some areas the underground reservoirs which supply water to many 
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rural and urban users by means of wells have been so depleted as to 
lower seriously the ground-water table. The problem which water supply 
has long presented for large sections of the Canadian west is well known. 
Projected into a future requiring the use of ever more water, these 
facts serve notice that especially for our most thickly settled areas the 
availability of adequate water supplies will be a major determinant of 
continued growth. 

It is not only the quantity of water 
that counts but its quality. In some 
€ f areas of Canada the pollution of rivers 

Se and lakes by municipal sewage and in- 


~ dustrial wastes is so marked as_ to 
“{ menace health and to limit municipal 
& 
— ( /. and industrial expansion. There are 
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densely populated districts which, once 
adequately served by nearby streams, 
+7 have since found these waters no longer 
———— 7 _—— _ sufficient in quantity or suitable in 
oe ‘S quality, requiring that other sources be 
CS = — found at great expense. Most uses of 
——$—$—<— —— water are affected by pollution. Because 
eT TOT ee many industrial processes require rela- 
~~ tively pure water, the lack of it dis- 
SE courages the establishment of new 
a enn 1s intistriesendalia expansion of existing 
plants. Waters carrying industrial 
pollution can damage the crops they irrigate. Desirable fish do not 
thrive in heavily polluted water. Outdoor recreation suffers and 
with it the tourist industry. It is when pollution limits the effective 
supply of water in areas whose needs already press upon readily avail- 
able supplies that its consequences are most felt. Since the problem it 
presents is often greatest where population and industry are concentrated, 
its significance is mounting for some of the most highly populated parts 
of Canada. When it restricts the wise and economic use of water, pollu- 
tion thus can affect our advance as a nation. 

How our water resources are to meet growing demands is therefore 
a question which will become progressively more insistent. Another 
concern these resources raise is the need for their control. The floods 
which take life and ravage property have often represented the penalty 
paid for the removal of soil cover and of other natural barriers to the 
rapid run-off of water. Instead of a menace these waters could become 
a benefit where their control and gradual release were found feasible. 

The manner in which Canada’s water resources are managed will in 
part determine the extent and character of our future progress and the 
standards of living of our people. Of what does a program for their wise 
use, conservation, and control then consist? Such a program requires first 
a background of physical facts and understanding. It is necessary to 
know when and how much water is available in a given area. 

. Consider how important it is that Canada’s resources of surface water 
be assessed. What makes their measurement especially fundamental is 
the characteristic of surface water of varying constantly in amount. This 
property of fluctuation—the very word comes from the Latin for wave— 
is:revealed in ever-changing water levels and stream flows. Because the 
feasibility, the safety, and the cost of most projects for the use of 
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surface water are determined by its available volume, its measurement 
takes on crucial importance. This factor in an engineer’s calculations, 
more than any other, establishes the horse-power of a _ projected 
generator, the dimensions of a canal, and the biological oxygen demand 
of a sewer out-fall. For these resources to be evalulated with any 
certainty it is essential that long-term records be obtained from a net- 
work of stream-gauging stations set up on rivers and lakes. The 
location, installation, and operation of these stations, together with the 
collection, collation, and publication of the information they yield, 
constitute the chief function of what is known as a “Hydrometric survey.” 
The worth of a hydrometric survey depends on the reliability of its 
records, and for this no factor is more important than their continuity. 
Its records are basic to the orderly use and control of surface water. 


Canada’s Hydrometric Survey 


The closing years of the nineteenth century saw the beginnings in 
Canada of two great water uses—irrigation and hydro-electric develop- 
ment. To be introduced intelligently they required information on the 
water resources available for them; it was this need which led to the 
initiation, at first on a small scale, of Canada’s hydrometric survey. 

The first recorded stream measure- 
ment forming part of a hydrometric < 
survey was made in June, 1894, when < 
J. S. Dennis, then Chief Inspector of ‘Ste 
Surveys for the Department of the 
Interior, measured the discharge of the 
Bow River near Calgary. Earlier, Dennis 
had been sent to the western United 
States to examine the irrigation systems 
in operation there and to report on the 
special legislation and surveys required. 
His report became the basis of the 
Northwest Irrigation Act of 1894 and 
determined the nature and scope of the 
surveys begun in that year. For more 
than a decade thereafter general hydro- 
metric work was confined to irrigation surveys undertaken in Saskatche- 
wan and Alberta. Then, in 1908, Parliament made an appropriation of 
$10,000 for the establishment of systematic stream measurements, and a 
“Hydrographic Surveys’? section was formed in the Department of the 
Interior. The Chief Hydrographer stated prophetically that ‘On the 
information furnished by the Government on the water supply will 
depend to a very great extent the development of water-power in Canada’’. 

While the hydrometric survey was becoming established in Alberta 
and Saskatchewan, other circumstances were bringing about its introduc- 
tion west of the Rockies. Under the terms of union admitting it into 
Confederation, the Province of British Columbia conveyed to the 
Dominion Government a strip of territory more than 500 miles long and 
40 miles wide along the prospective route of the Canadian Pacific Railway. 
By 1911 the administration of water powers and water rights in this 
Railway Belt and on other Dominion Lands had become so important 
that a Water Power Branch was formed in the Department of the 
Interior. This Branch was made responsible for the hydrographic survey 
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of the Railway Belt and of Manitoba, and also conducted water-power 
surveys in Alberta and reclamation and water-power investigations in 
Saskatchewan. 


Until 1913 the hydrometric survey 
operations carried out by the Federal 
Government were limited to areas in 
which it had a proprietary interest; 
that is, in the Prairie Provinces, where 
waste lands and ungranted lands were 
reserved (until 1930) to the Crown 
in the right of Canada, in the Railway 
Belt, and in the Yukon and Northwest 
Territories. In 1913, however, the 
Federal Government entered into a 
co-operative agreement with the 
Government of British Columbia, at 
the latter’s request, whereby the 
surveys already conducted in the Rail- 
way Belt would be gradually extended 
throughout the province. This agree- 
ment was the forerunner and the model of corresponding agreements signed 
with the other provinces. Terminated during the depression of the 1930’s, 
these agreements were afterwards succeeded by individual agreements 
with each province (Prince Edward Island excepted) for the continuation 
of a uniform hydrometric survey program by the Federal Government. In 
1950 an agreement with Newfoundland extended the survey to that prov- 
ince. The agreement signed in 1919 with Prince Edward Island was later 
suspended at its request, because its water-power resources are small. 


Under the terms of the present co-operative arrangements between 
the Federal Government and the provinces, the Hydrometric Survey and 
certain other basic investigations of Canada’s water resources are 
conducted by the Department of Northern Affairs and National Resources 
under the supervision and direction of the Director of the Water Resources 
Branch. The Department publishes the records and results of the work 
it has carried out and makes them available to the provincial authorities. 
Each provincial government contributes toward the cost of the Hydro- 
metric Survey. It is left with each province to arrange for the detailed 
water or power investigations required for special purposes connected 
with the administration or development of its water resources. 


The centralized direction and con- 
trol of the Hydrometric Survey has 
marked advantages. The logical unit for 
the investigation and development of 
water resources is the individual drain- 
age basin. In Canada political divisions 
do not often coincide with physical divi- 
sions, and many important drainage 
basins extend across interprovincial 
and/or international boundaries, impos- 
ing special responsibilities upon the 
Federal Government. Under a national 
hydrometric survey, stream-gauging 
stations can be established at the most 
suitable locations without regard to 
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internal boundaries. Methods of field investigation and of office com- 
putation can be standardized from coast to coast. Duplication of survey 
work by federal and provincial authorities is avoided. 

Today the Hydrometric Survey is in operation from Newfoundland 
to the Yukon Territory. With headquarters at Ottawa, the Water 
Resources Branch maintains District Offices at Vancouver, Calgary, 
Winnipeg, Ottawa, Montreal, and Halifax, and sub-offices at a dozen 
other locations to ensure regional coverage. In 1955 surface water was 
measured and recorded regularly at more than 1,100 gauging stations 
across Canada, and engineers of the survey made 5,089 stream discharge 
measurements. Many gauges are read daily by local citizens, chosen for 
their personal qualities as well as for their convenience of residence. 
Their readings are converted to flow figures and then compiled to 
determine monthly and annual average flows. In key locations, automatic 
waterstage recorders have replaced the human gauge reader and supply 
continuous records of water levels. 

Much painstaking work goes into the establishment of each gauging 
station. Regular inspection and maintenance must be carried out. These 
operations require technical skill and initiative from those in the field, 
and careful administration in District Offices and at headquarters. Hydro- 
metric surveying is in many cases a pioneer operation, moving ahead of 
civilization into bush country where boat, pack-horse, dog-team, snow- 
mobile, aeroplane, and helicopter each have their own special use. Much 
of the field work must be done in winter, because winter stream-flow is 
often a limiting factor in the development of water resources and must 
“therefore be recorded. 

. The history of the Hydrometric Survey is the story of a program 
Which, introduced originally in response to immediate needs, has become 
an instrument important for Canada’s welfare and development. Its 
services to the nation have mounted as population and industry have 
expanded; they have grown as our dependence on this country’s surface 


- water has increased. Upon the information provided by the survey have 
. relied many programs of local and national significance: water-power 
‘ development, irrigation and drainage, municipal water supplies, naviga- 
' tion, fisheries, waste disposal, and other forms of public and private 


endeavour. Thus, the basic data which the survey has provided have 
contributed, sometimes in large degree, to the development of at least 
85 per cent of the enormous water-power capacity now installed across 
Canada. 

The location and evaluation of Canada’s water resources is becom- 
ing ever more essential to the nation which requires them. The 
distribution and control of water supplies have become a prime objective 
of many authorities forced by social and economic needs to practice the 
management of water resources. This essential work can be carried out 
most effectively only with the aid of hydrometric records. For Canada, 
again, the existence of boundary waters and international rivers such as 
the great Columbia, Yukon, St. Lawrence, and Saint John rivers presents 
many technical and administrative problems which could not be solved 
without the knowledge obtained from the Hydrometric Survey. 


Cotiserving Water Resources 


Generally speaking, Canada does not yet have the comprehensive 
knowledge of its water resources that is indispensable for their best use 
and control. Evidence is accumulating that it requires, in still more 
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scope and detail, information on the amounts and distribution of precipita- 
tion, the flows of rivers, the occurrence of ground water, the quality of 
waters, the nature of rock and soil formations, and other characteristics 
of both land and water. This information is mounting in importance as 
the nation’s use of water expands and as water conservation becomes 
more imperative for a growing proportion of our population and industry. 
Not only does it lead to better understanding of present problems and 
warn of the approach of others, but it also suggests how they may best be 
met. Unless it is available and its lessons applied, a community or an 
industry may find itself involved in needless expense in the solution of a 
water problem which otherwise might have been foreseen. This informa- 
tion enters into every stage of the planning, design, construction, and 
operation of water development projects. 

Next after information and understanding, the conservation of 
Canada’s water resources requires planning and programs. Planning for 
the use and control of these resources must be continuous and flexible 
enough to accommodate to growth and to changing needs. There can be 
no single uniform policy applicable to all sections of the country at “all 
times. Rather, the problems associated with water conservation vary 
from region to region and from province to province, requiring that the 
measures taken to meet them vary accordingly. In any one location it 
may be flood control, inadequate domestic or industrial supplies, or stream 
pollution. It will sometimes be found that water uses are in conflict with 
each other. : 

There are today problems of wise use and control of our water 
resources which call with. growing insistence for their solution. One of 
these is the pollution of rivers and lakes by sewage and industrial 
wastes. The control of pollution has emerged as an essential part of a 
broad water conservation program. The nation can ill afford to lose 
the water which its expansion in population and industry requires. 
Considering the time needed to install and enlarge facilities for treating 
sewage and wastes, pollution abatement programs become even more 
urgent. While the initial cost or corrective and preventive measures some- 
times will be great, the ultimate benefit from them will be much larger 
still. The difficult problems which remain for pollution control can be 
solved—those arising, for example, in the treatment of the complex 
industrial wastes of a rapidly advancing technology. Encouragement 
also comes from the concern of some municipalities and many industries 
over the pollution problem. The increasing interest in its abatement 
has led to the creation of provincial and other bodies to work toward its 
solution. There are also many departments of government, both federal 
and provincial, which administer acts and regulations having a bearing 
on this question. Municipal sewage and industrial wastes are basically 
the responsibility of the province in which they originate. 

The conservation of water, as indeed of any natural resource, looks 
to both the present and the future; it is this characteristic which gives it_ 
special significance. In seeing to it that our resources are used wisely 
and well, we recognize that, however important they may be to us today, 
they have a still greater rdle to play. Meeting the problems of 
conserving our water resources is both a challenge and an opportunity 


measured by the contribution these resources can make to Canada’s 
future. 
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